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(54) Method and apparatus for rendering characters 

(57) A method for creating anti-aliased characters 
on a computer output device includes the steps of gen- 
erating a call from a client process for a character to be 
rendered, rendering the character at a high resolution 
and aligning stems of the character with a coarse grid 
corresponding to the resolution of an output device The 
step of aligning the high resolution rendered stems to 
the coarse grid provides for an anti-aliased output with 
balanced stems. A method tor rendering a character 
includes the steps of determining a device resolution 
and a number of greyscales to be displayed by a digital 
output device, determining a coarse grid and a high-res- 
olution grid, developing character information concern- 
ing a character to be rendered, creating an initial bitmap 
of the character from the character information at the 
resolution of the high-resolution grid, and aligning stems 
of the initial bitmap with the coarse grid to create a 
coarse grid aligned high-resolution bitmap. 
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This invention relates generally to computer sys- 
tems, and more particularly to the rendering of charac- 
ters to be displayed on computer output devices. 

Backarmmri Arf 

Computer systems typically include some form of 
v,s^ output device. For example, in Fig. i. a prior art 
computer system 10 includes a computer 12. a key- 
board 14, a disk storage unit 16, a video display 18 and 
a printer 20. Of course, a computer system can include 
more or less components than that illustrated in compu- 

ZT?T 1 °- aS ** be predated by those skilled in 
tne art of computer design. 

( CP.^ 9 CO T tef 1 12 indudes a CentraJ Pressing unit 
(CPU) 22 read only memory (ROM) 24. random access 
memory (RAM) 26. and input/output (I/O) 28. The vari- 

t 0 rj^ n £ ,nentS 22-28 of the com P""* 12 are coupled 
together for communication by a bus system 30. As will 

H^ST* by th ° Se sW,led in art. the represen- 
tation of the computer 12 has been highty simplified for 
me purposes of this discussion, but includes the funda- 
mental components of a computer and their intercon- 
necnons. 

SUCh aS keyboanJ 14 - disk storage 16 

Z^^ri 18 ' 3nd Printer 20 are referred to as 
peripheral dev-ces. When coupled to the computer 12 

tSJESI? 01 *• com P uter s ^m io Some 
Ef2?!? 068 are primari,y for ^ng information 
£ 1 rt ^3 PUta LL 2 - rth>r peri P heral devices are used 
»r outputting information from the computer 12 and 

^rT«^!! PUter ^ eriphera,S are used ^ both inputting 
and outputting information. 

outa^V" 60 d ^' ay 18 ^ P rirt *' 20 ^e common 
output devices for the computer 12. Such output 

to^Jl^f y f ° rm temporar y or Permanent images 
'"format.on to the user of the computer sys- 

eXa T' 8 ' the ^ » vvill include a 

ZJT™ <*" d «? a * ^aracter. graphical, and other 
types of , mages. Similarly, printer 20 can print (i.e.. 

1 il ^ * Charactere ' and cW 

types of images. 

°?JT n types °* visual ou «P"t devices for computer 
sterns 10 are capable of outputting in "greyscale." 
WMt this means ,s that each of the pixels in thTraster 
mrtnx. d I the output device is capable of displaying a 

Most modern monochrome and color video displays 

Wack and white and color printers are capable of dis- 

STST^ 6 - °' der Printers - Wank ^ite rnon 
^and I certein other types of output devices such as 
some LCD displays, are typically not capable of display- 
ing in greyscale. 

A number of problems present themselves when 



decaying characters on a computer output device It 
should be noted, as used herein, that the term "charac- 
ter is not limited to alphanumeric characters, but 

< 'St^LSf^ ° f Character ' n «"*er. symbol, or 
5 otoer coded device that can be represented or dis- 
played on a computer output device. Some of these 
problems have to do with the resolution of the output 
device, and other problems have to do with humanv*- 

^ZT™ By " reso,uli °n-. as it is used herein 
w refers to the size of individual pixels of a computer out- 

stssr* the spacin9 between ,he pue,s * *• 

The problems inherent in character imaging tend to 
,5 £Z? Pr °^° unced *» sma » characters than for larger 
^f^ 8 - 70,8 'because small characters are made 
Z. PWete and ' therefore ' a ^tortion of a 

Sm^ 5 h ,S w read " y in sma,,er *aracte re . 

Sl^L? L S,0rt,0nS * at ^ Partcularty in 
*ese smaller characters, is unbalanced "stem' weights. 

£1^°™"*,°° 01 Wn fealures - <**"« tf 
counters . over/under filling, and to inaccurate weight- 
ing. One of the most noticeable of these defects is 
unbalanced stem weights, where vertical and horizontal 
barters may be of varying widths due to 

Z CaUSBd by Characi « rendering proS 

ess. Another very noticeable defect is the inaccurate 
weighing effect of small characters due to a £S£ 
*™ 8 ? ect - words, adding a pixel (the "quan- 

30 ca^ dS^^f ^T 1 ^ « °"«y a few pixels wide 
30 can distort the "weight" given to that character e g it 

2SXT 10 ^ W ^ Whe " * is a "o-a, weSw 
lnFig.2A. the prior art problem of unbalanced stem 

£ h^ 10 ^ ^mposed over a high-resolution grid 
II f" 0 "* 1 ™ form 34. and a "bitmap" form 36. 

!L 1 * " meant a on e-to-one mapping is 

ter 12 and an image of the character to be displayed i e 
40 .^ n P ,xel of ^e output device corresponds to a bit of 
|nformat.on stored in the computer^ outline 34 Z 
^Uy proved by a parsed font program such i 
^^' n Q Ad0beTyPe,tormat ' ^iont.i. avaiiatS 
45 ^n^Jr 816 " 18, ' nC - ° f Mountain ^ew, California. 
45 oftenreterradtoasthe-S/ac*eoorduetothecoloroi 
its cover. This character outline 34 is converted or "ren- 
dered" ,nto the bitmap 36 by a rendering program or 
randerer" available from a variety of source^ 2*2£ 
Adobe Systems. Inc. 9 

50 *J*° U *J" noted in Fi 9- 2A that the letter "m" has 
already picked up some distortions by being converted 
from its font outline 34 to the bitmap 36. In particular the 

r^'S? 1608 ° f " StemS " * me ,etter ^' s 
» ^Tt^L? me ,6ft stem 38a is two pixels 

rTw'J^T^ .! tem 385 is one P« el w*e. and the 
right stem 38c is two pixels wide 

rendBr2^ d a t T ,ed While chafactere are often 
rendered on a high^esolution grid as illustrated in Fig. 
2A. they must be converted into a "coarse grid" repre- 
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sentation before they can be displayed on the oulput 
device. The resolution of the coarse grid corresponds to 
the resolution of the oulput device. 

In Fig. 2B, the conversion from a high-resolution 
grid to a coarse grid permits the renderer to re-balance s 
the stems. More particularly, the system uses "hints- 
provided by the parsed font program to stretch and then 
align the stems of the character to the coarse grid As 
noted, in Fig. 2B. the stems 40a, 40b. and 40c are all the 
same width and. therefore, the unbalanced stem prob- io 
lem has been solved for black-and-white types of output 
devices. 

While the prior art has solved the problem of unbal- 
anced stem widths for black and white oulput devices, 
the problem has re-emerged for greyscale oulput is 
devices. This is because greyscale oulput devices use a 
technique known as "anti-aliasing- in order to provide 
the illusion of smoother curves and less jagged diagonal 
lines. This is accomplished by varying the greyscale val- 
ues of coarse grid. However, this greyscale manipula- so 
tion re-introduces the problem of unbalanced stem 
widths to anti-aliased characters. 

In Fig. 2C. the lower case letter "m" is shown 
against a coarse grid 42 and corresponding high-resolu- 
t.on god 44. The high-resolution grid 44 is shown in only ss 
one of the cells of the coarse grid 42 so as not to con- 
fuse the drawings, although it will be appreciated that 
the high-resolution grid 44 is associated with all the cells 
of ttie coarse grid 4^ The coarse grid and the high-res- 
olution grid are related as follows. If the output device 30 
has 2 +1 greyscale values, each "cell" 46 of the coarse 
gnd 42 will have 2" pixels 48. To provide a more con- 
crete example, if 17 greyscale levels are provided from 
pure white to pure black, then 2 4 or 16 pixels of the high- 
resolution grid are in each cell of the coarse grid 42 as 
This means that the resolution of the high-resolution 
gnd 44 is four times the resolution of the coarse grid 42 
As before, the font outline 50 for the letter "m" is 
obtained, and a bitmap 52 is developed at the resolution 
of the high-resolution grid from the font outline 50 by the to 
renderer. 

In Fig. 2D. the bitmap map 52 has been converted 
into a greyscale -pixel map- values which can be sent to 
the oulput device. This is usually accomplished in a 
straightforward fashion. The number of pixels for a par- ts 
ticular cell are counted, and this number is mapped to 
the greyscale level for that cell. Therefore, cells having 
more pixels will correspond to a darker greyscale value 
than cells having fewer pixels This technique, referred 
to as "anti-aliasing-, greatly smooths the appearance of so 
curves and reduces the jaggedness of diagonal lines 
as is well known to those skilled in the art. 

As used herein, a -pixel map" is much like a -bit- 
map-except that multiple values are stored in the mem- 

°?** e mr *** e J system 12 to corresponds to each 55 
pixel of the oulput device. For example, for each pixel on 
a greyscale or color video monitor, multiple numeric val- 
ues are stored on the computer to correspond to the 
multiple grayscales levels for each of the video monitor s 



pixels. 



It will be noted, however, that the imbalanced stem 
problem has reoccureed in greyscale output devices as 
a result of the "anti-aliasing- process that was designed 
to make curves smoother and diagonal lines less jag- 
ged by adjusting the greyscale levels of selected pixels 
on the output display. More particularly, stem 54a 
appears to be two pixels wide, while stems 54b and 54c 
appear to be about one pixel wide. Again, this stem 
imbalance phenomenon is quite apparent in small char- 
acters and reduces the quality of the output image 

It should be noted that while this discussion has 
centered on vertical stems, that the problem is equally 
apparent with horizontal stems. For example, while the 
example of the lower case "m" was given, this stem 
unbalancing problem is also apparent on letters such as 
an upper case "E." Furthermore, both vertical and hori- 
zontal -stems- or segments can be found in a single let- 
ter, such as the letter "o". which has two vertical side 
segments or stems, and two horizontal top and bottom 
segments or stems. 

Figs. 3A. 3B. and 3C are used to illustrate both ver- 
tical -stems" and horizontal -stems" on the same char- 
acter "o." In Fig. 3A. coarse grid 56 is shown with the 
font outline 58 of a character "o" and with its resultant 
bitmap 60. It should be remembered that while the font 
outline 58 has been rendered as a high-resolution bit- 
map 60. the actual oulput device can only display at the 
resolution of the coarse grid 56. which is 1/4 the resolu- 
tion of the high-resolution bitmap of this example •» 

As seen in Fig. 3B. this is not much of a problem 
with respect to a black-and-white output device. With 
such a device, the high-resolution bitmap 60 of Fig 3A 
is converted into a coarse bitmap 62 which corresponds 
to the resolution of the output device The coarse bit- 
map is aligned with the coarse grid such that the vertical 
sterns 62a and 62b are of the same width, and such that 
ttie horizontal stems 64a and 64b are of the same width 
As noted above, and in accordance with industry con- 
vention, a -stem" can be a portion of a curved letter 
such as portions or segments of the letter "o." It should 
be further noted that the stems should be symmetrically 
balanced, and are not necessarily all of the same width 
For example, in the Helvetica 1 " font, the vertical stems 
62a and 62b are of a greater width than the horizontal 
stems 64a and 64b. in accordance with the design of 
the font developer. 'Helvetica- is a trademark of Lino- 
type AG and/or its subsidiaries. 

In Fig. 3C, when anti-aliasing has been used to 
smooth the appearance of the letter "o". stem (rebalanc- 
ing is introduced. In particular, the horizontal stems 66a 
and 66b are quite different in width. In this particular 
example, the horizontal stems 68a and 68b are roughly 
balanced, although this is not always the case. It should 
also be noted that a portion of the greyscale pixel map 
70 is below the "baseline" 72 for the character. This also 
has a distorting effect and should be avoided if possible. 

Some attempt has been made by oulput device 
manufacturers to enhance the image provided to the 
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output device as a bitmap or a pixel map. For example 
certain Hewlett-Packard Company printers provide 
•mage enhancement" which attempts to smooth "jag- 
ged- diagonal fines and to smooth curves While gener- 
ally useful, such post-rendering image enhancement 
mechanisms are not completely successful because the 
information that was used to create the bitmap or pixel 
map (e.g the font outline) is not available to the output 
2^" Therefore - Post-Rendering image enhancement 
SSete rreCt PrOUemS SUCh 85 ,rTtoalanced *em 



Disclosure Qf gig ip» ? ~ti 7n 

The present invention provides a method for creat- 
•ng, anto-aliased characters on a computer output device 
without creating stem-width distortions in the charac- 
ters. More particularly, the present invention balances 
the stem widths while still providing all of the curve 
smoothing and anti-jagging advantages of anti-aliasing 
More particularly, a method for creating anti-aliased 
characters on a computer output device includes the 
steps of generating a call from a client process for a par- 
ticular Character to be rendered, rendering the character 
at a h.gh-resolution with a character rendering program 
ajgnmg stems of the high-resolution bitmap of thechar- 
acter with a coarse grid, creating an anti-aliased grays- 
cale pixel map from the coarse grid aligned high- 
reso.ut.on bitmap, and creating an image of LchaJac- 
ter on the output device based upon the pixel map 

The step of generating a call from the client process 
pr^erawy includes an identification of the charaSeTS 
be rendered, the size of the character, and the r^mUr 
of greyscales used to display the character. The step of 
ahgnmg the stems of the high-resolution bitmap repre- 
sentajon of the character with the coarse ^derZ^s 
that the stems of the character will remain balancS 
even after anti-aliasing. 

A method for rendering a character in accordance 
with the present invention includes a step of determin- 
ing a device resolution and a number ofgreyscaTeTto 
bed.sp.ayed by a digital output device. Next.TccJse 

SiVEJE? **** 8 m *" X 01 Ce,te - 
ton a ^f 1**™ TeSOiu6on 88 me resolu- 
te. SJJ^SSi 9 eSCh CeU responds to a 
a H J d6V,Ce - A "^resolution fl^ having 

a matrix of pixels is also developed, where the high-res 

tl n Jr°^ ,0n PiXe,S P8r ce " determined by 
« r? 01 greyscales. Next character information 
concerning a character to be rendered is developed 
and an initial bitmap of the character is develcpedfrom 

SZF-ZZ ,naBy - 818018 01 916 brtm *P are 
°°«se grid to create a high-resolution 
£T? f" bs< * uent Processing. Of course, descrip- 
tor, .of the steps of developing the coarse grid and the 
h^h-rascuton grid are for human perceptualpur^ 
as such processes are unnecessary within the conpj 



ter system, which operates internally on mathematical 
principals rather than visual principals. 

The step of aligning the stem edges is preferably 
determined by a policy including at least a hard-edge 

S£Z !° ft " ed9e "** ^ <* aligning the 
Jems in accordance with the hard-edge policy incfudes 

!TSS ° ,Wndin9tnestem ^to the closest muN 
tple of the coarse gnd. and centering each of the stems 
,„ f the coarse grid. A method for aligning the stems in 

rounding the stem widths to the closest multiple of the 
hjgh-resolution grid, and then aligning the stem widths 
the coarse grid. For both the hard-edge and soft- 
is S 9 ^!!^ 1inaS a " 9nment is ^ coars e 9^ 
'5 so that the stem widths can be properly balanced 

n,„c f^' 5yS,em having anti-aliased greyscale out- 
puts includes a computer system having an output 
device, a client process executing on the computer sys- 

20 SJT eratn9 3 Ca " fof 3 Ch3raCter to be rendered. 
* k prOCeSS typica,,y provxJes an identification of 
t! 8 IL to 68 rendered ' s '« of the character 
and thenumber of greyscales used to display the char- 

SU? ^ SySt6m alS ° induetes a renderer to 

S^T^Sf * ^ CharaCt6r ' and for atoning 
?™ J? 108 ^to^ap representation of the character wrth 
3 ^ oarse 9nd corresponding to a device resolution of the 
output devwe. The client process creates an ant-ali- 
ased greyscale pixel map from the coarse grid aligned 

i.! 9 r ^'° n bitmaP * * e Characte r. and frie coC 
ter output device displays the character on a screen 
prints it on paper, etc.. based upon the pixel map 
A character renderer in accordance with the 
35 m^^riw!" for 98neratina a high-resolution bit- 
"^^!fi ford,Sp,ayin9an anti-aliased character on 

,i^ < ^ ,C !, inC ' UdeS 8 9fid 98nerato r- a character 
informatoon developer, a bitmap generator, and a stem 
aligner. The grid generator generates a coaree grid hav- 

40 r2 0 a ir^ 0,Ce,,SWhereeaChC8,,is *« th * same 
reso.ut.on as an output device resolution, and further 

?^! r ! teS 8 ni9 , n " reSO,Ution 90(1 "avinga matrixof high- 
r^'uton pixels. Again, the grid is more conceptual 
*an Physical in nature, and are used to described 
conceptual operation of the renderer. The brtmap gener- 

8tor °P^es on the character information to create an 
inrbal high-resolution bitmap of the characters from the 

2^ r tK ,n ? r T atton - The a,i 9 ner aligns the 

stems of the high-resolution bitmap with the coarse and 
to create an aligned high-resolution bitmap 

50 ♦^k*" 8d !f nta98 * the pres ent invention is that the 
technique of anti-aliasing can be used to smooth curves 
and prevent jagged diagonal lines without introducing 
certain distortions into the image of the character being 

55 SS^l™?" accomplishes this task by 
55 afigrang the h.gfwesolution bitmap of the character Jfr, 
coarse gnd dunng the rendering process i e while 
there is still sufficient character information available to 

SfZL ^f d ! mS SUCh 88 '-"balanced stem widths 
and quantreatjon distortions. 
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These and other advantages of the present inven- 
tion will become apparent upon reading the following 
detailed descriptions and studying the various figures of 
the drawings. 

Brief Description of the Drawing 

Fig. 1 is a block diagram of typical prior art corrpu- 
ter system, which is also a suitable host for the 
method and apparatus of the present invention; 

Fig. 2A is a view of a prior-art high-resolution bit- 
map for the letter "m"; 



Fig. 2B is a view of a prior-art bitmap of the letter is 
"m" that has been stretched and aligned with a 
coarse grid such that when it is displayed on a black 
and white output device it will appear to have bal- 
anced stem widths; 

Fig. 2C illustrates the letter "m" rendered in a high- 
resolution bitmap; 

Fig. 2D illustrates the imbalanced stern widths that 
result in providing an anti-aliased version of the bit- 25 
map of Fig. 2C; 

Fig. 3A illustrates a high-resolution bitmap of the 
letter "o"; 

Fig. 3B illustrates the conversion of the high-resolu- 
tion bitmap of Fig. 3A to a low-resolution bitmap for 
a black and white output device; 

Fig. 3C illustrates a pixel map for a greyscale output 3s 
device of the prior art that was derived from the bit- 
map of Fig. 3A; 

Fig. 4 is a ftow<iiagram of a method for creating 
anti-aliased characters with balanced stem widths 40 
in accordance with the present invention; 

Fig. 5 is an illustration of the "RECEIVE CALL 
FROM CLIENT step of Rg. 4; 



Fig. 6 is a f low<Jiagram of the "ALIGN STEMS" steo 
of Fig. 4; 

Fig.7 illustrates the "ROUND STEM WIDTH TO 
COARSE GRID" and "CENTER STEM TO 
COARSE GRID- steps of Fig. 6- 



45 
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Fig. 8 illustrates the "ROUND STEM WIDTH TO 
HIGH-RESOLUTION GRID" and "ALIGN 
LEFT/BOTTOM AND TOP/RIGHT TO COARSE 55 
GRID" steps of Fig. 6; 

Fig. 9A. 9B. 9C. and 9D are used to illustrate a first 
example of the method of the present invention; 



and 

Figs. 10A, 10B, 10C, and 10D are used to illustrate 
a second example of the method of the present 
invention. 

BeSt Modes far Harrying OUt Immnf ™ 

The present invention preferably includes proc- 
esses executing ("running") on a computer system such 
as the computer system 10 illustrated in Fig. 1. How- 
ever, as will be well appreciated by those skilled in the 
art. the processes and apparatuses described herein 
can also be implemented by hardware or firmware 
equivalents. For example, many font rendering and 
other display processes are embedded in application 
specific integrated circuits (ASICs), as is well known to 
those skilled in the art. 

Figs 1 , 2a-2d. and 3a-3c were discussed relative to 
the prior art. In Fig. 4, a process 74 in accordance with 
the present invention for creating a high-resolution bit- 
map to create anti-alias characters on a computer out- 
put device begins at 76 and. in a step 78. receives a call 
from a client with a character pointer, size, number of 
greyscales. and policy As used herein, a "client" is an 
application program, utility, or other process that is 
requesting a high-resolution bitmap that can be further 
processed and displayed on an output device For 
example, a client might be a word processing program 
Alternatively, the client might be part of a greater "ren- 
derer/* 

Next, in a step 80, the process aligns stems of the 
character based upon the policy dictated by the client 
and by the number of greyscales specified by the client 
As will be discussed in greater detail later, this policy 
includes whether the character should be "hard-edged" 
or "soft-edged", which may sometimes be referred to as 
"hard" or "soft" policies, respectively. This policy can be 
selected dynamically by the renderer, the client, or can 
be predetermined by the creator of the render. 

The number of greyscales is typically either defined 
by the client or by the user of the corrputer system For 
example, it is often possible to specify that an output is 
to be displayed in black-and-white (i.e. with two values 
only), at four greyscale shades, at sixteen greyscales 
shades, at 256 greyscale shades, etc. 

After the stems of the character have been aligned 
controls are set for resolution^dependent properties 
based on the number of greyscales in a step 82. For 
example, device dependent property adjustments, such 
as spot size (ratio of apparent pixel size to physical pixel 
size), can be handled in this step 82. as will be appreci- 
ated by those skilled in the art. Finally, a high-resolution 
bitmap is provided to the client in step 84. Typically the 
client takes care of the greyscale rendering of the high- 
resolution bitmap, although such greyscale rendering 
can also be accomplished within the rendering process 
itself as mentioned previously. The process is then com- 
plete as illustrated at 86. 



5 



EP0 772 144 A2 



10 



Fig. 5 is used to illustrate step 78 of Fig. 4 in greater 
detail. More particularly, an enhanced font renderer 88 
of the present invention receives a call 89 from a client 
90 which includes a character pointer, a character size 
the number of grayscales, and the policy. The renderer 5 
88 creates a call 91 to a parsed tont program 92 which 
returns a character program (to create the font outline of 
the character), font values, and tont family values as 
illustrated at 93. The enhanced font renderer 88 then 
passes a high-resolution bitmap as illustrated at 95 to 10 
the dient 90. which does the grayscale rendering and 
which sends a low resolution pixel map 96 to an output 
'mage device 94. 

As explained above, the client 90 can be any appli- 
cation program, utility, or other computer-implemented is 
process capable of requesting that a character be dis- 
played on the output device 94. The parsed font pro- 
gram is preferably a font program such as Adobe-type I 
format available from Adobe Systems. Inc. of Mountain 
view. California. A complete description of the use and so 
operation of a parsed font program 92 can be found in 
the Black Book", supra 

It is readily apparent to those skilled in the art and 
with knowledge of the contents of the 'Black Book" how 
clients such as client 90 make calls to renderers. and 25 
receive high-resolution bitmaps back from the Tender- 
ers, and further, how client 90 can produce a pixel map 
from the high-resolution bitmap for the output device 94 
The use of a parsed font program 92 is also well known 
to those stalled in the art. along with the receipt of calls 30 
from a renderer. and the providing of the character pro- 
gram, font values, and font family values. 

In Fig. 6. the step 80 of Fig. 4 is illustrated in greater 
detail. More particularly, process 80 begins at 98 and in 
a step 100. the current font matrix and stem properties 35 
are received from the parsed font program 92. Details of 
the is operation are again explained in the "Black Book " 
Next, the stem properties are transformed with the 
matrix to obtain device grid locations of the stem edges 
and stem widths in a step 102. w 

In a step 104. it is determined whether the policy is 
? h ^ d " e ? 9e " W 3 'son-edge" policy. A hard-edge or 
hard policy is one wherein vertical and horizontal 

ul e ^,n r ! h m l de J >erfeCtiy bteCk - Le - feyscale is not 
used. In a hard-edge policy, only curves and diagonals 45 
are subject to grayscale-type anti-aliasing techniques 
In contrast, soft-edge or "soft" policies permit anti-alias- 
ing of the horizontal and vertical stems. 

. haf d-edge ° r ^edge policies are 

adopted may be chosen by the client or left to the dis- so 
cretion of the renderer. Hard-edge policies tend to make 
sharper, darker stems, but may suffer from some of the 
quantization effects noted earlier. Soft-edge policies 
appear to be smoother, but may seem -fuzzy" to some 
vitjwsrs. 

stJwiUrtr 196 P ° liCy iS Chosea step 106 rounds the 
stem width to an integral coarse grid. By integral- it is 
meant an integral multiple of a cell width is chosen i e 
0. i . 2. 3, etc. multiples of the cell width. Next, in a step 



108. the stem is centered to the coarse grid and the 
process is completed at 1 1 0. 

If a soft policy is selected as detected by step 104 
a step 112 rounds the stem width to an integral high- 
resolution grid, and then a decision step 114 deter- 
mines whether the stem is a -ghost" stem. The term 
"integral is used in a similar fashion here to mean inte- 
ger multiples of the high-resolution grid pixels, i.e. 0 1 2 
3. eta multiples of the high-resolution grid pixels." 
-^°5L emS are discussed in the aforementioned 
S/a<* Book" and. briefly, are stems that have only one 
edge to control. 

If the stems are not ghost stems, a step 1 16 deter- 
mines the proximity of the stem to the grid and if it is 
otoserto ^ ,eft/bottom of the grid, it is aligned with the 
^ft/bottom of the coarse grid based on this proximity. If 
step 116 determines that rt is closer to the top/right of 
the cell, rt is aligned to the top/right of the coarse grid 
cell based on its proximity. 

If step 114 determines that the stem is a ghost 

k ? eCiSi °1f teP 122 de, e«"™s the type of ghost 
stem tf rt is a left/bottom ghost stem, rt is aligned with a 
leftfoottom of the coarse grid cell based on this ghost 

'ZSZTSJ! n * 8 tOP " i ° ht 9 nost stem, ft aligns to the 
top/right of the coarse grid cell based on this ghost infor- 
mation n the step 126. Note that this adjustment is not 
proximity determined as in step 1 16. but rather directed 
by the ighost" hint itself. After the completion of any of 
steps 1 18. 120. 124. and 126. the process is completed 
as illustrated at 110. 

In Fig. 7. an illustration is made to help explain the 
hard policy steps 106 and 108 of Fig. 6. In Fig 7 a 
coarse grid 128 will be assumed for the purposes* of 
example to have cells 130 that are square and which 
are four pixels on each side. An "ideal" spot 132 is 
shown to be partially within cell 130a. and also partially 
wrthm an adjacent cell 130b. The center of this ideal 
spot 132 is shown at 134. 

At this point it should be noted that there are some 
device-dependent and some designer-dependent deci- 
sions that can be made. For example, the decision as to 
now to align the ideal spot 1 32 with the coarse grid 128 
very much depends upon the type of output device used 
and upon designer decisions. For example, most first 
generation personal computer printers use the "Canon- 
print engines manufactured by Canon. Inc. of Japan 
with these first generation printers, a round pixel is 
printed that completely covers the cell of the coarse 
grid. i.e. the round pixel has a diameter that is about 
equal to a diagonal of the cell of the grid. 

In recent years, a number of new types of print 
engmes have been developed. For example, a "Xerox- 
engine manufactured by Xerox. Inc. of the United States 
produces a pixel having four concave sides such that 
the pixel fits entirely within the cell of the coarse grid As 
a result, three pixels produced by a Canon engine can 
cover 3^ cells of the coarse grid, while four pixels pro- 
duced by a Xerox engine can cover 3.7 cells of the 
coarse grid. 
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With the foregoing explanation in mind, a step 108 
of Fig. 6 will be discussed as if an output device can pro- 
duce a perfectly square pixel corresponding to the 
square cell 30 of the coarse grid 128, it being under- 
stood that this is only an approximation of the reality As 5 
seen in Fig. 7. if the ideal spot 132 is less than 6 pixels 
C6-" pixels), it will be shrunk to tour pixels in width and 
aligned with the cell 130a. However, if the spot 132 is 
greater than 6 pixels ("6+" pixels), it will be increased to 
8 pixels in width and will be caused to fill both cells 130a 
and 130b. In the first instance, the center of the spot 
132' is at 134' (i.e. the center of cell 138), and in the 
other instance the spot 132" has a center 134" which is 
at the interface between cells 130a and 130b In this 
way. the spot 1 32 is aligned to the coarse grid 128 such ,« 
that the balance of stem weights is preserved. 

In Fig. 8. the soft-edge policy is illustrated. More 
particularly, Fig. a illustrates the steps 112 118 120 
124 and 126 of Fig. 6. As seen in Fig. 8, an ideal spot 
136 has a center 138 and is associated with a coarse so 
gnd 140 and a high-resolution grid 142. As before, the 
high-resolution grid is shown in only one of the cells 1 44 
of the coarse grid 140 so as not to confuse the draw- 
•ngs. although it will be appreciated that the high-resolu- 
tion grid 142 is associated with all the cells of the coarse ss 
grid 140. 

In accordance with the "soft-edge" policy, step 1 12 
first rounds the stem width to an integral high-resolution 
gnd 1 42. In this instance, a side of a high-resolution grid 
pixel is 1/4 of a side of a cell 144. Therefore, the width of ao 
the stem 134 is rounded to the nearest 1/4 of a coarse 
gnd cell in a step 1 12. Next, it is determined which cells 
o the coarse grid 140 the rounded stem width is to be 
aligned with. This is the purpose of steps 1 14. 1 16 and 
122^When the proper coarse grid cell is found.' the as 
rounded stem is aligned accordingly. 

In this example, the spot 136 is somewhat centered 
wrthin a cell 144a and 144b. If it is determined that the 
rounded stem is to be aligned to the left cell, ft is moved 
as 'nclicated to the position 136' such that it completely 40 
fills the cell 1 44a and overlaps partially the cell 144b If 
on the other hand, it is to be aligned with the right cell it 
is moved so that it completely fills the cell 1 44b and par- 
tially overlaps with the cell 1 44a. 

By analogy, if the stem 136 is only partially overlap- 4S 
ping the cell in the vertical direction, it can be aligned to 
he top or bottom of the cell of the coarse grid in a simi- 
lar fashion. Furthermore, if ft only partially overlaps a 
cell both m the vertical and horizontal direction, it can be 
caused to move to align with the cell of the coarse grid so 
both in the left/bottom and top/right directions. There- 
tore, both horizontal and vertical stems can be handled 
by the process and apparatus of the present invention 

The foregoing descriptions and illustrations 
describe the basic process and apparatus of the ss 
present invention. As mentioned previously, the process 
of the present invention is preferably practiced on a gen- 
eral-purpose computer system to provide images on an 
output device such as a video monitor, a video projec- 



tion system, or a continuous-tone printer. The process 
and apparatus of the present invention will be further 
discussed in terms of two illustrative examples. 

Example 1- The Lnwor r 3 » , ^ rr ^ 

In Fig. 9a. the font outline 148 of the letter "m" is 
shown superimposed over a coarse grid 146 A high- 
resolution bitmap 150 is created from this font outline 
148. It will be noted that the high-resolution bitmap 150 
is aligned with a high-resolution grid 152. 

Fig. 9b illustrates the pixel map as created in 
accordance with the "soft-edge- policy of the present 
invention. The high-resolution bitmap 150 is first 
rounded with respect to high-resolution grid 152. and is 
then aligned with the coarse grid 146 as described 
above. Then the pixel map 154 is created by this 
rounded and aligned bitmap to provide the appropriate 
greyscale data for the output device. As can be seen 
westerns 156a. 156b. and 156c are all of the same 
width and have about the same pixel density. This will 
provide an anti-aliased output, while still preserving 
stem width balance. 

The "hard-edge" policy will be described with refer- 
ence to Fig 9c. In this instance, the data as illustrated in 
Fig. 9a is "stretched" such that each of the stems 158a 
I58b.and 1 58c have the width of a cell 160 of the coarse 
grid 148. This is in accordance with steps 106 and 108 
of Fig. 6. Next, the "stretched" bitmap 160 of Fig. 9c is 
converted to the greyscale pixel map 164 of Rg 9d 
Note, once again, that the stems 166a. 166b and 166c 
of the pixel map 164 are of the same width and. sub- 
stantially of the same density. This allows the letter "m" 
to be anti-aliased while preserving its stem weight bal- 
ance. 

Example 2 - The La.iftrr.flca I o ftr - fl . 



In Fig. ioa. a to" is superimposed over a coarse 
grid 168 and a high-resolution grid 170. More particu- 
larly, a font outline 172 is used to create a fine bitmap 
1 74 of ihe letter to." It should be noted that since the font 
being illustrated is from the "Helvetica" family, and that 
the top and bottom of the to" are thinner than the two 
sides of the to." 

Fig. 10b illustrates a pixel map 1 76 created from the 
brtmap 1 74 of Fig. 10a in accordance with the soft-edge 
policy. As described previously, the soft-edge policy first 
rounds the stems to the high-resolution grid 170 and 
then aligns the rounded stem with the coarse grid 168 
As noted in Fig. 10b, this results in a pixel map having a 
left stem 1 78a that is substantially equivalent to the right 
stem 178b while having a top stem 180a substantially 
equivalent to a bottom stem 180b. Therefore, this anti- 
aliased rendering of "o" has preserved the stem weight 
balance both in the horizontal and vertical directions in 
accordance with the present invention. 

In Fig. 10c. a stretched bitmap 182 is created from 
the brtmap 1 74 of Rg. 1 0a in accordance with the "hard- 
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edge" policy. As noted, the left and right stems 1 84a and 
184b have been stretched so that they fully fill the four 
cells of the stem, while the top stem 186a and the bot- 
tom stem 186b have been similarly stretched to fill the 
two top and the two bottom cells of the coarse grid 168 
This 6 in accordance with the rounding to the integral 
course grid and coarse grid aligning steps discussed 
previously. 

In Fig. iod. the bitmap 182 has been converted into 
a greyscale pixel map 188 as described previously, ft 
should noted that the left stem 190a and right stem 
190b are balanced, as are the top stem 1 92a and the 
bottom stem 192b It should also be noted that the bot- 
tom 1 94 of tile character -o" does not go below the base 
line 196 of the coarse grid 168. 

While this invention has been described in terms of 
several preferred embodiments, there are alterations 
permutations, and equivalents which fall within the 
scope of this invention. It should also be noted that 
there are may alternative ways of implementing both the 
process and apparatus of the present invention, and 
that certain concepts were introduced for the purpose of 
instruction and clarity. 

For example, as described previously, coarse and 
high-resolution grids are preferably not actually "con- 
structed" within the process but rather, are used herein 
to explain the concepts of the present invention. Also, as 
will be appreciated by those skilled in the art. the order 
of steps can often be changed, and certain steps have 
been simplified for the purpose of clarity. For example 
the step of Tendering a high-resolution bitmap" is pref- 
erably implemented by first developing a high-resolution 
hmtmap". providing adjustments to the hintmap, and 
then rendering the actual pixels of the high-resolution 
bitmap. The Tiintmap" is simply a high-resolution repre- 
sentation of the grid-fit alignment zones of the charac- 
ter, as will be appreciated by those skilled in the art 
Alternatively, the high-resolution bitmap rendering step 
can be the single step described above. 

It is therefore intended that the following appended 
claims be interpreted as including all such alterations 
permutations, and equivalents as fall within the true 
spirit and scope of the present invention. 
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stems of said character with a coarse grid cor- 
responding to a device resolution of an output 
device of said computer system, said step of 
aligning stems being based, at least, upon a 
high-resolution grid defined by said number of 
grayscales specified by said client process 
and resulting in a high-resolution bitmap of said 
character corresponding to said high-resolution 
grid; 

creating an anti-aliased greyscale pixel map at 
said device resolution in said client process 
from said high-resolution bitmap of said char- 
acter; and 

creating an image of said character on said 
output device at said device resolution based 
upon said anti-aliased greyscale pixel map. 

A method for creating anti-aliased characters as 
recited in claim 1 wherein said step of rendering a 
character comprises: 

calling a parsed font program to retrieve a char- 
acter program, font values, and font family val- 
ues corresponding to said character to be 
rendered: 

executing said character program to determine 
the locations of stem edges of said character 
with respect to said coarse grid and to deter- 
mine the stem widths; and 

aligning said stem edges with said coarse grid. 

A method for creating anti-aliased characters as 
recited in claim 2 wherein said client process is fur- 
ther operative to provide a policy including, at least 
a hard edge policy and a soft edge policy, and 
wherein step of aligning said stem edges is deter- 
mined by said policy provided by said diem proc- 



Claims 



1. 



A method creating anti-aliased characters on a 
computer output device comprising the steps of: 

generating a call from a client process execut- 
ing on a computer system for a character to be 
rendered, said client process providing, as a 
minimum, an identification of the character to 
be rendered, the size of said character, and the 
number of grayscales to be used to display said 
character; 

rendering said character by retrieving a charac- 
ter program for said character and aligning 
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A method for creating anti-aliased characters as 
recited in claim 3 wherein said step of aligning said 
stems in accordance with a hard edge policy com- 
prises the steps of rounding said stem widths to the 
closest multiple of said coarse grid, and centering 
each of said stems to said coarse grid. 

A method for creating anti-aliased characters as 
recited in claim 3 wherein said step of aligning said 
stems in accordance with a soft-edge policy com- 
prises the steps of rounding said stem widths to the 
closest multiple of said high-resolution grid, and 
aligning said stem widths with said coarse grid. 

A method for creating anti-aliased characters as 
recited in claim 5 wherein said step of aligning said 
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stems in accordance with a soft-edge policy is fur- 
ther dependent upon at least one of proximity and 
ghost stem information. 

A method for creating anti -aliased characters as s 
recited in claim 6 wherein if a stem is a ghost stem, 
said step of aligning stem widths with said coarse 
grid comprises the steps of: 

for a left/ bottom ghost stem, aligning the left/ io 
bottom of such stem to a left/bottom coarse 
grid edge; and 



for a right/ top ghost stem, aligning the right/ 
top of such stem to a right/bottom coarse grid 
edge. 



is 



A method for creating ant -aliased characters as 
recited in claim 6 wherein if a stem is not a ghost 
stem, said step of aligning stem widths with said so 
coarse grid comprises the steps of: 

determining a proximity of said stem to be 
either a left/ bottom proximity, or a right/top 
proximity; v 2S 

for a left/ bottom proximity, aligning the left/bot- 
tom of such stem to a left/bottom coarse grid 
edge; and 



16 

said character information at said resolution of 
said high-resolution grid; and 

aligning stems of said initial bitmap with said 
coarse grid to create a high-resolution bitmap. 

10. A method for rendering a character as recited in 
claim 9 wherein said step of developing character 
information comprises: 

calling a parsed font program to retrieve a char- 
acter program, font values, and font family val- 
ues corresponding to said character to be 
rendered; and 

executing said character program to determine 
the locations of stem edges of said character 
with respect to said coarse grid and to deter- 
mine the stem widths. 



11. 



for a right/ top proximity, aligning the right/top of 
such stem to a right/bottom coarse grid edge. 

9. A method for rendering a character comprising the 
steps of: 

determining a device resolution and a number 
of greyscales to be displayed by a digital output 
device; 

determining a coarse grid having a matrix of 
cells, where each cell is about the same resolu- 
tion as said device resolution and therefore cor- 
responds to a device pixel of said output 
device: 

determining a high-resolution grid having a 
matrix of high-resolution pixels, said high-reso- 
lution grid being aligned with said coarse grid 
such that each cell of said coarse grid includes 
an integral number of high-resolution pixels, 
the number of high-resolution pixels per ceil 
being determined by said number of greys- 
cales; 

developing character information concerning a 
character to be rendered; 

creating an initial bitmap of said character from 



30 



35 



45 



SO 



55 



A method for creating anti-aliased characters as 
recited in claim 10 wherein said step of aligning 
said stem edges is determined by a policy including 
at least a hard-edge policy and a soft-edge policy 

12. A method for creating anti-aliased characters as 
recited in claim 11 wherein said step of aligning 
said stems in accordance with a hard edge policy 
comprises the steps of rounding said stem widths 
to the closest multiple of said coarse grid, and 
centering each of said stems to said coarse grid. 

13. A method for creating anti-aliased characters as 
recited in claim 11 wherein said step of aligning 
said stems in accordance with a soft-edge policy 
comprises the steps of rounding said stem widths 
to the closest multiple of said high-resolution grid 
and aligning said stem widths with said coarse grid. 

A method for creating anti-aliased characters as 
recited in claim 13 wherein said step of aligning 
said stems in accordance with a soft-edge policy is 
further dependent upon at least one of proximity 
and ghost stem information. 

15. A method for creating anti-aliased characters as 
recited in claim 14 wherein if a stem is a ghost 
stem, said step of aligning stem widths with said 
coarse grid comprises the steps of: 

for a left/bottom ghost stem, aligning the left/ 
bottom of such stem to a left/bottom coarse 
grid edge; and 

for a right/ top ghost stem, aligning the right/ 
top of such stem to a right/bottom coarse grid 
edge 



40 14. 



16. A method for creating anti-aliased characters 
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recited in claim 14 wherein if a stem is not a ghost 
stem, said step of aligning stem widths with said 
coarse grid comprises the steps of: 

determining a proximity of said stem to be 5 
either a left/bottom proximity, or a right/top 
proximity; 

for a left/ bottom proximity, aligning the left/bot- 
tom of such stem to a left/bottom coarse grid io 
edge; and 



for a right/ top proximity, aligning the right/lop of 
such stem to a right/bottom coarse grid edge. 

17. A digital system having anti-aliased greyscale out- 
put comprising: 

a computer system including an output device; 
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client process means executing on said com- 
puter system for generating a call from a client 
process for a character to be rendered, said cli- 
ent process means providing, as a minimum, 
an identification of the character to be ren- 25 
dered. the size of said character, and the 
number of greyscales to be used to display said 
character; 

means executing on said computer system for 30 
rendering said character by retrieving a charac- 
ter program for said character and aligning 
stems of said character with a coarse grid cor- 
responding to a device resolution of said output 
device, said step of aligning stems being 35 
based, at least upon a high-resolution grid 
defined by said number of greyscales specified 
by said client process, and resulting in a high- 
resolution bitmap of said character correspond- 
ing to said high-resolution grid; 40 

creating an anti-aliased greyscale pixel map at 
said device resolution in said client process 
from said high-resolution bitmap of said char- 
acter; and ^ 

creating an image of said character on said 
output device at said device resolution based 
upon said anti-aliased greyscale pixel map. 



said computer system to determine the loca- 
tions of stem edges of said character with 
respect to said coarse grid and to determine 
the stem widths; and 

means for aligning said stem edges with said 
coarse grid. 

1 9. A digital system as recited in claim 1 8 wherein said 
client process means is further operative to provide 
a policy including, at least, a hard edge policy and a 
soft edge policy, and wherein step of aligning said 
stem edges is determined by said policy provided 
by said client process. 

20. A digital system as recited in claim 19 wherein said 
means for aligning said stems in accordance with a 
hard edge policy comprises means for rounding 
said stem widths to the closest multiple of said 
coarse grid, and means for centering each of said 
stems to said coarse grid. 

21. A digital system as recited in claim 19 wherein said 
means for aligning said stems in accordance with a 
soft-edge policy comprises means for rounding said 
stem widths to the closest integer multiple of said 
high-resolution grid, and means for aligning said 
stem widths with said coarse grid. 

22. A digital system as recited in claim 21 wherein said 
means for aligning said sterns in accordance with a 
soft-edge policy is dependent upon at least one of 
proximity and ghost stem information. 

23. A digital system as recited in claim 22 wherein if a 
stem is a ghost stem, said means for aligning stem 
widths with said coarse includes: 

means for aligning the left/bottom of such stem 
to a left/bottom coarse grid edge for a left/ bot- 
tom ghost stem; and 

means for aligning the right/ top of such stem to 
a right/bottom coarse grid edge for a right/ top 
ghost stem. 



18. A digital system as recited in claim 1 7 wherein said 
means for rendering a character corrprises: 



so 



means for calling a parsed font program to 
retrieve a character program, font values, and ss 
font family values corresponding to said char- 
acter to be rendered; 

means for executing said character program on 



24. A digital system as recited in claim 22 wherein if a 
stem is not a ghost stem, said means for aligning 
stem widths with said coarse includes: 

means for determining a proximity of said stem 
to be either a left/bottom proximity, or a 
right/top proximity; 

means for aligning the left/bottom of such stem 
to a left/ bottom coarse grid edge for a left/ bot- 
tom proximity; and 

means for aligning the right/ top of such stem to 
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a right/bottom coarse grid edge for a right/ top 
proximity. 

25. A character Tenderer for generating a high-resolu- 
tion bitmap useful for displaying a character in grey- 
scale on an output device, said character renderer 
comprising: 

a grid generator for generating a coarse grid 
having a matrix of cells, where each cell is 
about the same resolution as an output device 
resolution, and for generating a high-resolution 
grid having a matrix of high-resolution pixels, 
said high-resolution grid being aligned with 
said coarse grid such that each cell of said 
coarse grid includes an integral number of 
high-resolution pixels, the number of high-reso- 
lution pixels per cell being determined by a 
number of greyscales associated with said out- 
put device: 

a character information developer for develop- 
ing character information concerning of a char- 
acter to be displayed on said output device: 
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said coarse grid. 

30. A character renderer as recited in claim 29 wherein 
said stem aligner further operates in accordance 
with proximity and ghost stem information when 
operating in accordance with a soft-edge policy. 

31. A character renderer as recited in claim 30 wherein 
if a stem is a ghost stem, said stem aligner aligns 
the left/bottom of such stem to a left/bottom coarse 
grid edge for a left/bottom ghost stem, and aligns 
the right/top of such stem to a right/bottom coarse 
grid edge for a right/ top ghost stem. 

32. A character renderer as recited in claim 30 wherein 
if a stem is not a ghost stem, said stem aligner 
determines a proximity of said stem to be either a 
left/bottom proximity, or a right/top proximity, aligns 
the left/bottom of such stem to a left/ bottom coarse 
grid edge for a left/ bottom proximity, and aligns the 
right/ top of such stem to a righttbottom coarse grid 
edge for a right/ top proximity. 



a bitmap generator that operates on said char- 
acter information to create an initial bitmap of 
said character from said character information 
at said resolution of said high-resolution grid- 
and ' 

a stem aligner that aligning stems of sad initial 
bitmap with said coarse grid to create a high- 
resolution bitmap by utilizing said character 
information. 

26. A character renderer as recited in claim 25 wherein 
said character information developer includes a 
routine caller that calls a parsed font provider to 
retrieve a character program, font values, and font 
family values corresponding to said character to be 
rendered 
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27. A character renderer as recited in claim 26 wherein 
stem aligner is capable of operating with at least a 
hard-edge policy and a soft-edge policy. 

28. A character renderer as recited in claim 27 wherein 
when said stem aligner aligns said stems in accord- 
ance with a hard edge policy said stem aligner 
rounds said stem widths to the closest multiple of 
said coarse grid, and centers each of said stems to 
said coarse grid. 

29. A character renderer as recited in claim 27 when 
said stem aligner aligns said stem in accordance 
with a soft-edge policy said stem aligner rounds 
said stem widths to the closest multiple of said high- 
resolution grid, and aligns said stem widths with 
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